1. Introduction
===============

Over the past 30 years, laparoscopic approaches have been used to treat many benign and malignant diseases.^\[[@R1]--[@R4]\]^ These laparoscopic approaches are preferred today because of their associations with lower complication rates than traditional open surgery, as well as less postoperative pain, better cosmetic results, and a more rapid return to normal daily life.^\[[@R3],[@R4]\]^ Many clinicians have sought to further reduce laparoscopic morbidity by using natural openings or single incisions. Minimally invasive surgery has been performed using only a single wide trocar placed in the navel.^\[[@R5]\]^ The extent of postoperative pain remains unclear; such pain is affected by the incision method, length, and site. Umbilical anatomy is critical in this context.^\[[@R5],[@R6]\]^ The "umbilicus" has received minimal attention from anatomists; in atlases, the skin around the navel is often not dissected, and is presented as a simple button. The deep skin in the center of the navel has not been studied topographically. However, this situation is changing given the recent increase in single-port surgery.^\[[@R7]\]^ Navel anatomy must be considered when seeking to minimize the abdominal wall destruction associated with single-port surgery; notably, the types of ports and surgical methods differ, with respect to changes in navel anatomy. Therefore, detailed anatomical knowledge of the umbilicus is essential.

2. Methods
==========

We retrospectively analyzed 500 abdominal, 128-slice, CT datasets collected in the Tepecik Training and Research Hospital in 2019, using a detector made by Siemens Medical Solutions (Erlangen, Germany). For imaging, all patients lay supine. The tube voltage was 120 kV, the effective current was 150 mA, and the slice thickness was 1 mm. The exclusion criterion was planned abdominal surgery to treat an umbilical hernia in the absence of any pathology. Our local ethics board approved the study protocol. On axial images, we measured the transverse (longest) diameter in sections that contained the umbilical facial aperture (Fig. [1](#F1){ref-type="fig"}). Using reformatted sagittal images, we measured the craniocaudal diameter (i.e., longest diameter) in sections containing the facial opening (Fig. [2](#F2){ref-type="fig"}). All cases were evaluated by a radiologist, who later re-assessed them when blinded to the initial evaluations; this yielded a measurement of intra-observer reliability. All cases were re-evaluated by a second radiologist; this yielded a measurement of inter-observer reliability. Both radiologists were blinded to patient age. SPSS Statistics software (ver. 17; SPSS, Chicago, IL) was used for all statistical analyses. Data are expressed as means or medians with standard deviations, or as minima and maxima, as appropriate. Associations between age and sagittal umbilical measurements, as well as between age and transverse umbilical measurements, were sought via Spearman correlation analysis. Between-sex comparisons were performed using the Mann--Whitney *U* test. *P*-Values \< .05 were considered to indicate statistical significance. The extents of intra-observer and inter-observer agreement were assessed using Cohen\'s κ test; we calculated κ values, weighted κ values, and agreement rates.
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3. Results
==========

We evaluated 500 abdominal CT datasets (250 women, 250 men; age range, 17--53 years; mean age of women, 32.29 ± 8.4 years; mean age of men, 32.30 ± 8.4 years). Transverse and sagittal measurements did not significantly differ on the basis of sex. Spearman rank correlation analysis indicated a significant (positive) relationship between age and both measurements (all subjects; *P* \< .01; men: *P* = .001; women: *P* \< .01). The means, standard deviations, medians, minima, and maxima of the transverse and sagittal section measurements are listed in Table [1](#T1){ref-type="table"}. Mean transverse and sagittal measurements were 5.63 ± 1.9 and 6.2 ± 2.0 mm in women and 5.49 ± 1.9 and 6.2 ± 1.8 mm in men. We used κ statistics to evaluate the repeatability and reproducibility of our method. Cohen\'s κ test revealed very good intra-observer (κ = 0.935) and inter-observer (κ = 0.912) agreement.
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Minimum and maximum measurements, with means ± SDs and medians, at transverse and saggital section of umblicus.
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4. Discussion
=============

In the past 30 years, minimally invasive surgeries (e.g., single-port surgery) have become popular. For cosmetic reasons, the umbilicus is often the site of first-trocar incision.^\[[@R1]--[@R4]\]^ Traditionally, umbilical incision was generally avoided; surgeons who prefer traditional open surgery continue to avoid the umbilicus, which is presumed to release infective agents.^\[[@R8]--[@R11]\]^ In 1987, Philippe Mouret performed the first laparoscopic cholecystectomy; this was a surgical revolution. Gradually, laparoscopic approaches began to be replaced by a single-incision approach, or other approaches through natural openings. In 2009, two-incision three-port laparoscopic cholecystectomy and natural orifice transluminal endoscopic surgery ushered in a new surgical era.^\[[@R12],[@R13]\]^ Minimally invasive surgery (such as surgery involving an umbilical incision) improves cosmetic results and reduces pain; thus, knowledge of umbilical anatomy is essential.

It remains unclear whether single-port surgery is superior to traditional laparoscopy. Pain reduction and cosmetic satisfaction are important. Although single-port surgery is presumed to reduce postoperative pain, some authors have reported conflicting findings.^\[[@R14]--[@R18]\]^ The length of the incision and method by which it is created may be important, in addition to port selection; notably, port type and incision size are interrelated. Smaller incisions minimize postoperative pain. Several studies have shown that umbilical incision is associated with hernia of the higher trocar region. The incision must be carefully planned and meticulously created, guided by anatomical information.^\[[@R18]--[@R21]\]^

Single-port surgeries commence with skin incision of the inverted umbilicus. Preoperative, radiological anatomical evaluation is important if complete umbilical inversion might cause difficulties, especially in patients with obesity. Both umbilical size and the anatomical features are critical when selecting port sites. Detailed radiological examination has revealed anatomical variations that might be of clinical significance, as well as the presence of anatomical variants among different populations. There remains a need to study the effects of sex on surgical outcomes and postoperative complications.

5. Conclusion
=============

We have shown that umbilical anatomy can be examined radiologically. This approach minimizes unnecessary tissue trauma during minimally invasive surgery, reveals appropriate port points, and allows evaluation of patient-specific anatomical features.
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